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METHOD FOR PRODUCING A SILICON-ON-INSULA.STOR STRUCTURE 

Tim, SpiufLalioii 
Field of the Invention 

The invention belongs to semiconductor technology and, more exactly, deals with the a 
method for producing a silicon-on-insulator (SOI) structure. 



ion 



Description of the Prior Art 

ftc A kn<?wp_method for producing a silicon-on-insulator (SOI)_ structure h kuuwu (US 
patent no. 5 374 564) , lunlaiiiul implants hydrogen hnpfamtation in a first wafer, bondings the 
first wafer with the second wafer and slicmgss the first wafer. The implantation is realized by 
bombardment of the first wa fe r with dm, ium Qui to. create a layer, which contains the hydrogen 
prineit gas filled micropores i n the vuIuuil- of lln Iml wa fuj at Uic dipOiu ear the penetration 
distance of the ions. This layer divides the wafer into the a bottom part; that contains the 
substrate, and the upper part; that contains th e layer (a thin film V while the temp reatii™ aAf^ 
— hydrogen ions or inert gas ions are u s e d , and luu luupuature o f fii - At wafu is maintained 
below the temperature; at which the gas created by th£ implanted ions is diffused out of vohnue 
ofimplauu.diuiiicuuduutor the, layer, i.e.. between 20 and An exfoliation of the bonded 

wafers are isjhen carried out at a high temperature fe.g.. higher th n n snn°r> which is meher 
than the temperature of ion implantation and which is enough for a recovery of material structure 
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in the first wafer and for an increasing a gas pressure in the micropores in implanted layers Out 
s eparate the thin fifan aud die A ubsUalc . At this time the first and the second wafers are kept at 
dosed in contact, fFhc-implantation ironed uul ihiuugh on the first wafer nf one or more 
layers on fuil whi ^k Mi, cuiiiijt of different materials with to tal t fatefaites lower than 

penetration dept hs than the of ions is then carried gut The temperatnre uf dn, fi^l wafer ia kept 
dmiug the implantation between 20 and 4J0»C, and Ihi cxfolimiuu is uuried o ut at the 
tempnalmi highe r t han S00"C. The ion implantation is carried out through a silicon dioxide 
layer as a buried oxide, and the initial silicon wafer is used as foj; the second wafer. 

The method described above me t hod has a lot of disadvantages th at lead to decreastnge 
the a quality of pr o duced t he sfficon-on-insulator structures produced. 

Firstly, thisere is the low quality of buried oxide in the SOI structures, which aic 
produtulbj/dLSLiiUdmcUiud . Namely, the H+ ion implantation is earned out through the 
silicon dioxide that is used afterward as the buried oxide (BOX). De&£ts_gGenerated during the 
implantation defects as well as the restof implanted hydrogen deteriorate isolation properties of 

SiOj BOX layer. In one's umi an uaiu R Uiis SiQ2 lavu as The insulating dielec tr ic is 
properties of the SiQ 7 BOX lav^T flre determined by its breakdown voltage; and leakage current 
wieh , which are Hmited-trhdetermined in this case by the quantities of generated defects and 
hydrogen content They can be diminished completely only after very high temperature 
annealing, e.g.^at 1 100°C dmiiig fo imore than 2 hours. 

Secondly, iautking as a BOX layer in the above mentioned mediu d- w av. a thermal oxide 
boundary layer growsirjmt on the first wafer leads to th a t aj the bumiduij bulvmu Uic Aipaialul 

-2- 



PAGE 27/49 ' RCVD AT 10/2412006 5:11:59 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-2/19 * DNIS:2738300 ' CSID:2122468959 * DURATION (mm-ss):12-24 



10/24/2006 17:19 FAX 2122468S59 L ADAS & PARRY LLP NV 



stHco»laytf4 and the BOX layer die transient region Qi / thiek thermal 0iO2 . This transient 
thermal oxide ho» n rtat v J ayer may be as -thick as just a few nanometers that thick but limits an 
using of such SOI structures for extremely thin devices with low dimension channels (nano field 
effect transistors, single electron transistors and quantum devices), where the boundary quality of 
g r ain b o uudaiy - s hould be extremely high. 

Thirdly, the need of using a relatively high energy H+ ion implantation dne-to pass the 
oxide layer and exfoliateing^ thin silicon layer beneath leads to high straggling in projected 
range the penetration distant of H+ ions, and property to Un increased irrdose needed ten 
exfoliation and. defects and ia hydrogen content in BOX, and tcrincrease in roughness of th& 
exfoliated film surface. 

Fourthly, il leads iu an inhomogeneity in transferring uf t he exfoliated film on Qjie mea 
surfiss of fl* first wafer re£uJla_due to starting of Jhe exfoliation at a few places at the high 
enough temperature of exf o liati o n - 500° aiidhighei . 

Fifthly, hydrogen and other gases flatulence irrthe results from the micmp™™ at me 
bonded interfac c -r endcij impossible the whole HIiii tiamfu due t o initial aiUoibed substanees at 
t he surfaces uf the bonded wafeu vvidi following flaking of tr aiufeiied fiUu dining higli 
tempeiatuie Uuiluienl in die eaae of meutiuned above method (UP patent no. J 374 J(i4), when 
o nly un e Si layer is Uausfeued on t he ot ha aubstial es. 

M o re mlateJ inelhud fui tlie jet of Aigm and the puipuae is a Another known m ethod for 
producing a silicon-on-insulator (SOI) structure (Invention of RF no. 2164719, IPC: ? 01 L 
21/324), contained an implantation-ofe hydrogen ions in the first wafer, grows the thermal oxide 

-3- 



PAGE 28/49 ' RCVDAT 10/24/2006 5:11:59 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-2/19 ' DM8:2738300' CSID:2122468959 ' DURATION (mm-ss):12-24 



10/24/2006 17: 19 FAX 



2122468959 



L ADAS 8 PARRV LLP NV 



O029/049 



growth-on the second wafer, thexhemically treatment^ the first and second wafers 7 for their 
direct bonding, dijwg, and exfoliattrm-ines the first wafer with following removing^ of any 
damaged surface layer on the SOI structure. The &iu v m u u the i^uud wafu I hermal oxide has a 
thickness of 0.2+--0.5 urn. Thehfjydrogen implantation is carried out through initially giuwu thin 
the thermal oxide {SiO^l layer (20 50 nm)j that is deleted by etching after the implantation 
with a dose of H 2 + ions (2.5^-5) xlO 1 W. Direct bonding of the wafers is carried out in the air at 
1SO~2S0 6 C during 1-2 hours. Exfoliation of the first wafer is provided with annealing at 350+ z 
450°C during 2=0.5^2 ho urs, impurely . High temperature annealing at 1 100°C during O.S-*- z l 
hour is used for complete defect removing. Subsurface damag ed layu is removed by touch 
polishing with after previous oxidation and etching. 

This known technical solution also has the disadvantages; that diminish the quality of 
sihcon-on-insulator wafers. They include: 

ffirstly, storage of the hvdrogne pores at the bonded interface erne to initial hydi u gui 
accumulatiuuaUhcpoi es; created by residual impurities; physically adsorbed at the surfaces of 
the bonded wafers with following flaking o f haujfund film due to hydrogen release during high 
temperature treatment :: and 

sSecondly, using of ihe thermal treatment at 350 ft C > which that coincides with the 
beginning of hydrogen detrapping hvdiogen from bonded states and the hydrogen filled pores, 
femiuliou Oiul pkLul imidc uf impluutul layu and causes_an the inhomogeneous silicon layer 
tranifu along Uil wafei iuifaus with and a rough surface ofnthe final SOI surface. 
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Sumnmj uf iht Iuventiun SUMMARY OF THE INVENTION 

The technical result of the invention is an improvement of quality of SOI structure. 
The technical result is reached t he r eby, m that hydrogen implantation is carried out in the 
first wafer, the thermal oxide is grown on the second wafer, and the first and the second wafers 
are treated chemically.._Then, and diiuulj f bundul, spli^d and urfulkld at tile implanted fay e i i n 
thefii.il wafu,atUialdi>iug after chemical treatment, drjaag^removing of physically adsorbed 
substances from the wafer surfaces, joining the wafers, their splicing and exfoliating of the first 
wafer are carried out in uul Alagi in fee a low vacuum at the one or more temperatures at which 
the implanted hydrogen a to ma aii l emaineds in the connected a bound state. 

Preferably, hi die incUiud we hydrogen implantation is carried out hi dn fiiat waf e i 
through prcferina^ giuwn a thin (5^-50 nm) thermal Si02, layer, which is removed after thg. 
implantation. 

Preferably, in die method H 2 * or H* ions are used with the doses (1»5^15) xlO 16 cm 2 and 
energies of 20^200 keV. 

Preferably, in the method the thermally grown oxide thickness on the second wafer is 
equal to 0.01 ^--3 um. 

Preferably, in the mediod-high temperature annealing is carried out at 1 1 00"C during 
0.5^;1 hour. 

Preferably, m-the-nwthod-a subsurface damaged layer in the silicon-on-insulator structure, 
obtained in the lumlt uf exfoliating afrthe hydrogen implanted layer inside the silicon wafer, is 
removed by oxidation ± -artd etching and by touch polishing. 
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Preferably, in t he intthud Ailiiou wafa is iucJ a* a auuAtialc, ai whiOi L he thermal oxide 
is grew grown before the thermal treatment, 

According to another preferable variant, uf tin lAiculhig the iiiithud a glass wafer is used 
as a substrate with the thickness near 500 um. 

According to onc'sa. more preferable variant, of t he LAimung the miUiud a quartz wafer 
is used as a substrate with the thickness near 500 um. 

According to thea most preferable variant, of t he executing the miUiud drying, removing 
of-the-ofphysically adsorbed substances from the first and second w afer and aubiuat e s urfaces, 
joining the wafers, their spUcing and exfoliating of the first wafer are carried out in the low 
vacuum (10' 10 4 Pa) at the temperature interval from 80° to 350"C with duration from 0. 1 to 
100 hours. 



DricfDc j iuipliuu Oftfae Dm-ium BRIEF DRSCR iPTTfTNT n F THE DRAWINGS 

The substance of the invention is explained by the following description and enclosed 

figures. 

The stage of hydrogen implantation for producing &e_SOI structure by the claimed 
method is presented o n t he in Fig. 1 . 

The stage of drying, removing of the ofphysically adsorbed substances from the first 
wafer and substrate surfaces, joining the wafers, their splicing and exfoliating of the first wafer 
for obtaining a thin silicon film in the low vacuum chamber are presented on the in Fig.2. 
The Aphoto of the surface for ofa.SOI structu re ; which was produced at the 
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atmosphemi£ pressure is presented on th e in.Fig.3. 

The Aphoto of the surface for ofa_SOl structur e, which was produced at low pressure 
conditions is presented on-the in Fig.4. 

The An atomic force microscopy (AFM) image of the surface roughness (root mean 
square roughness ~ 1 1 .3 nm) for o£a SOI struct mc, which was produced by H* ion implantation 
with energy of 100 keV is presented o n th e ia Fig.5. 

Bic Anjrtomic force microscopy (AFM) image of the surface roughness (loot mean 
square roughness ~ 6.7 nm) for oXjlSOI structur e, which was produced by H* ion implantation 
with energy of -20 keV is presented on-the in Fig.6. 

The A photo of the surface for ofa.SOI structur e; which was produced by the claimed 
method is presented on-the in Fig.7rT to show there arent microblisters and or micropipes with 
dimensions larger than 0.25 um on the surface of the SOI wafer. 

Detailed Dcauipligu of Uiu hivuiLum DETAILF.l") nFSf WTlON OF THE TNVKMTTOK 

A^Physical basis of the claimed method fui producing of 0OI sUuc t ure wUiluw vacuum 
and Km tcmpcratuic splicing uf ^ilicuu wafers milt Uausfeuiug at Uml time t he thin jilicun film 
(a miuUUmu element of 0OI A Uuctuie) is a difference for in the surface energies of the pairof 
hydrophilic surfaees-Si/SiO, and o f the pan uf hydrophobic Auifac e s S i/Si surfaces in the 
different temperature intervals. Particularly, the qu anti t y of t he s urface energy of the pairof 
hydrophilic surfaces Si/Si0 2 is larger than the q uantity of the s urface energy of the pairof 
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hydrophobic surfaces Si/Si at the temperatures 20 500*C, This excess can be as high as one 
order of magnitude at the temperature interval 1 50 300°C. It should be mentioned that these 
temperatures are lower than the temperatures that were used for splicing and transferring of the 
thin film of silicon and silicon dioxide layers by the known method for producing SOI wafers 
(fUS patent no. 5 374 564, IPC: 5 H01L 21/265), which are equal to ~500t£C and are chumul 
fin reasoning from the conditions for hydrogen release from the connected states and its-transition 
into micropores for increased insjde. pressure-inside. These conditions are necessary for the 
exfoliation of first wafer along the implanted layer. 

In respeet-terthe claimed isissent.method a jhe p ro ducing of SOI structure can be 
consideratei as a preeesrtrf joining the hydrophilic surfaces (splicin g fui sflicoa wafers) and the 
break up of the hydrophobic bonds at the inner surfaces (hydrogen induced thin film transfer) at 
the tempeiatures-nrthe mdicated-tirtenral. Therefore, two main tasks should be solve d - f or t he 
rnipkmeutoUuu of Hit claimed method . Firstly, high performance outer hydrophilic surfaces 
should be produced. Secondly, inner hydrophobic surfaces inside the silicon wafer should be 
created. 

Parameters that determine t he quantity u f the surface energy in each case are se r ve d the 
temperature and the structural quality of the surfaces. That means raises the need offer extremely 
high cleannessJEbs ferthe splicing surfaces must be without physically adsorbed impurities-on 
Hit initial Mfaw ferthe 100% bondin g of t htst i^vu auifau,s . Standard RCA cleaning 
procedure (Semiconductor Wafer Bonding. Science and Technology, Q.-Y. Tong, U. Gosele, 
John Wiley & Sons, Inc., New York, NY, 10158-0012, p. 52) were used for reaching the needed 
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cleanness JMrthatw consisted of ammonia-peroxide solution, etching of natural oxide by 
diluted hydrofluoric acid and final treatment in the peroxide-acid solution. RThc-rinsing m ui to 
pure deionized water was used after each treatment. Wafer bonding was carried out betweeirthc 
hydrophilic surfaces obtained by thesugb, treatment at peroxide-arid solution with d ifferent ratios 
(RCA-1, RCA-2), which provides a-conlact angles for silicon and silicon dioxide lying-from 0 to 
10° (Semiconductor Wafer Bonding. Science and Technology, Q.-Y. Tong, U. Gosele, John 
Wiley & Sons, Inc., New York, NY, 101 58-0012, p. 62). The wafers ate were placed in a 
centrifuge inside the a low vacuum chamber tofor drying and removing of physically adsorbed 
substances from the first wafer and substrate surface Si -attd heated up to 80 *z 350"C and then the 
wafers weie b onded. together in paii s. 

Inner hydrophobic surfaces in the-netghbormg-atomic planes parallel to the wafer surface 
can be formed mfey hydrogen implantajjon- ^ silicon laju . Their formation takes place by the 
constitution of Si-H-H-Si bonds in this layer due to trapping of hydrogen atoms on the stretched 
and weakened Si-Si bonds hafrts Aatar^perpendicular to the surface. In order to pro, idea 
fomiatroirof two hydrophobic (100) planes with 100% covering by Si-H-H-Si bonds, the dose of 
H* ions with energies 20 200 keV should be at least 3x10" cm 2 pjrand higher. But even at thea 
dose pf ~1 ,5 x 10" cm" 2 fbmnd energy of -20 keV. thermicrocracks start to etmstmrtea ppear 
inside the implanted layer. Their presence weakens the Si-Si bonds in thejmplanted layer with 
the-surface energies closed to ^ghydrophobically bonded silicon surfaces. Pr acticallv. D ut as 
thsseis no need for 100% tovuiugbj S i-H-H-Si bonds maybe, inner fwe^surfhees. Starting 
from this consideration, the invention choosy hydrogen doses eh o ujed in daimed uuuiUuii 
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were-from l Ti 5xl O 16 to l^xlO 17 cm° for ion energies 20 200 keV, respectively. 

Baaed on pie &uitcJ phj jiutl npiiaeiduliom an attainment trf HThe technical result was 
obtained by realisation uf Uk. neart .lag^, wkue U ie major stages are two that a re- p resented ion 
tbe-Fig.l and 2 at t he next condtttona. 

1 . Hydrogen ion implantation is carried out at the first major stage (Fig. 1) in the fjoj 
wafer 1 with ion energies 20 - 200 keV through ajhin Si02 layer £5^50 nm), which prevents 
the surface contaminatio n, to prpyide^ h and foll o wing it is luu^ed r ifr drogen implanted layer 
p^iliunu.iguulbj, 2^rhe^ni4grl^arogen dose; needed for exfoliation of thin silicon fdm 
at the following thermal treatments stage, is 1,5x10" l ;i 5xl0"cm J 'for ion energies 20 ^200 
keV, respectively. 

2 ' T 1 ™*^ uxiducd Allium wafti is tULd a-, a submit 3 (Tig.l). T he oxide layer 4, 
which will be the buried oxide after bonding of the silicon wafer 1 , -a nd subtl e-- ) is grown 
thermally on the second, substrate w afer 3, which wffl bt the AubjUalL, mid diu ujudu i s not 
irradiated by ions thattokeeps its high quality in SOI structure. 

3. Chemical treatment of the wafer 1 and the substrate 3 is cauiid out including watu 
s tr eam douche oi ulnajunio v»aiu slx^am, for cleaning and h ydiophilisation-o f the wafci 1 and 
thir«ibstrate-9 with followinged_bv. water stream douche or ultrasonic deionized water streamr 
Cleaning and kjdiuphilisaliun uf jmfiuj uf iiuplamul wafu 1 and uriimplaiiL u d aubauau, 3 is 
carried out using treatment in lli e- p eroxide-acid and ammonia-peroxide solutions with different 
ratios NH.OHrH.O^O = 1:1:5 -^1:2:7 and HChHA^O = 1:1:6 -^1:2:8 (RCA-1 and 
RCA-2, respectively). 
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4. Drying, removing of the-rfphysically adsorbed substances from the surfaces pfthe 

wafer 1 and substrate 3, joining the wafer 1 and substrate 3, their splicing and exfoliating along 

the implanted layer 2 in the wafer 1 at the temperatures 80 350 °C with duration from 0,1 to 

1 00 hours in the same low vacuum chamber (10 l 10* Pa) are carried out at the second major 
stage (Fig.2). 

5. Concluding high temperature annealing is carried out at 1 100°* 50°C during 0.5-^1 
hour r wnich- i This.is needed in some cases for increasing the bonding energies between the 
silicon wafer l and the substrate 3 to the value of breaking energy for the bulk silicon, as well as 
for removing ofthe-residual radiation defects and hydrogen atoms from the exfoliated silicon 
layer. 

6. Touch polishing or oxidation with following etching is carried out for removing ofany 
damaged upper damaged-layer 5 of exfoliated silicon film. 

Thus, the main difference of the ehrimccHnethod for producing ofe SOI structure by the 
hydrogen-induced transfer is concluded thucby, t hat drying, removing of the of physically 
adsorbed substances from the surfaces of the wafers, joining the wafer and substrate, their 
splicing and exfoliating along the implanted layer in the wafer at the temperatures 80 350°C 
with duration from 0.1 to 1 00 hours are carried out in the-one stage in the same low vacuum 
chamber (10' -~ 10* Pa) (Fig.2). SOI structures produced at the low vacuum conditions have a 
higher quality, which is manifested in the absence of microblisters and micropipes that is 
demonstrated by tfac-Fig.4 in comparison with the SOI structure obtained at ♦he-atmosphere 
conditions tharis presented wrthein. Fig.3. An increase in the bonding energy between the wafer 
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and substrate allows to decreases the implantation energy, zmd-the thickness ofjhe transferred 
layer > ^ PWvHes a deucaie urlhe roughness of thg_SOl wafer surface (Fig.6) as well as 
the total radiation-thermal impact on the structure used for SOI-producing the SOI in comparison 
with the roughness of SOI wafer surface produced by hydrogen ions with more-higher energy 
(Fig5). 

The examples of specific realizations are presented below for more exact understanding 
°f the s ubs t ance f or claimed i nvention. 

Example 1. 

1 . IV ion implantation is carried out in silicon wafer with ion energy 140 keV and dose 
2 7i 5xl 0 14 cm" 3 through g thin 50 nm Si0 2 layer, which prevents fte-surface contamination and 
following iuhen is removed. 

2. Silicon wafer with grown thermal oxide SiO z (280 nm) is used as a substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment m 
meby peroxide-acid and ammonia-peroxide solutions with following cleaning by water stream 
douche or ultrasonic deionized water stream. 

4. H 2 * implanted silicon wafer and silicon wafer with grown thermal oxide are placed in 
low vacuum chamber with pressure 10 2 Pa and heated to.the temperature 300°C, dried and 
cleaned from the physically adsorbed substances during 0.1 hour and then joined together, 
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spliced and exfoliated along the implanted layer at the same conditions during 40 hours. In the 
result spontaneous exfoliation occurs and the final SOI structure appears with 0.6 um Si / 0.28 
mm Si0 2 / Si substrate. The photo of the surface fbrproduce d OQI structure is presented oirtheas 
Fig.7, which demonstrates the absence of microblisters and micropipes with dimensions larger 
than 0.25 um on the surface of SOI wafer. 

5. Touch chemical-mechanical polishing (CMP) is carried out for removing of upper 
damaged layer on the surface of exfoliated silicon film in SOI structure. 

Example 2. 

1 . H 2 + ion implantation is carried out in silicon wafer with ion energy 40 keV and dose 1; 
4 5xl0 16 cm" 2 through thin 5 nm Si0 4 layer, which prevents the surface contamination and 
fo ll o wing U lh eq is removed 

2. Silicon wafer with grown thermal oxide SiO a (280 nm) is used as a substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
tfacbv. RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H 2 * ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 1 0' Pa and heated to the temperature 200°C, dried and 
cleaned from the-physically adsorbed substances during 0. 15 hour, then joined together and 
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heated to 300°^ spliced and exfoliated along the implanted layer at the same conditions during 
40 hours. In the result spontaneous exfoliation occurs and the final SOI structure appears with 0.2 
um Si / 0.28 urn SiOj / Si substrate. The investigation of the surface for produced SOI structure 
demonstrates the absence of microblisters and micropipes with dimensions larger than 0.25 um 
on the surface of SOI wafer. 

5. Thermal oxidation and chemical etching in diluted hydrofluoric acid is carried out for 
removing of upper damaged layer on the surface of exfoliated silicon film mofthe SOI structure. 

Example 3. 

1. H 2 * ion implantation is carried out in silicon wafer with ion energy 140 keV and dose 
5x10" cm 2 through thin 50 nm SiO, layer, which prevents the surface contamination and 
following iuhen. is removed. 

2. Silicon wafer with grown thermal oxide Si0 2 with the thickness 280 nm is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
theby RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H 2 + ion implanted silicon wafer and sUicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10 J Pa and heated to the temperature 150"C, dried and 
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cleaned from th^hysically adsorbed substances during 0.2 hour, then joined together and heated 
to 300»C, spliced and exfoliated along the implanted layer at the same conditions during 10 
hours, then the joined wafer and substrate are removed from low vacuum chamber and are 
exfoliated mechanically in the air, and the final SOI structure appears with 0.6 urn Si / 0.28 urn 
Si0 2 / Si substrate. The investigation of the surface for produced SOI structure demonstrates the 
absence of mi crob listers and micropipes with dimensions larger than 0.25 um on the surface of 
M SOI water. 

5. Thermal treatment of SOI structure at the temperature 1 100*C during 1 hour is carried 
out for removing 0 f the rest defects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is earned out for removing of-upper 
rough layer on the surface of exfoliated silicon film in the SOI structure. 

Example 4. 

1. H* ion implantation is carried out in silicon wafer with ion energy 20 keV and dose 
4x10 '* cm 2 through thin 5 nm SiO, layer, which prevents the surface coiitamination and 
fo ll o wiua -r tt hen is removed. 

2. Silicon wafer with grown thermal oxide Si0 2 with the thickness 1 0 nm is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic delonized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment m 
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thcby. RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H* ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10 2 Pa and heated to the temperature 300»C, dried and 
cleaned from the physically adsorbed substances during 0. 1 hour, then joined together and heated 
to 300-C, spliced and exfoliated along the implanted layer at the same conditions during 40 
hours. In the result spontaneous exfoliation occurs and the final SOI structure appears with 0.2 
urn Si / 0.28 urn Si02 / Si substrate. The investigation ofthe surface for produced SOI structure 
demonstrates the absence of microblisters and rnicropipes with dimensions larger than 0.25 mm 
on the surface of the SOI wafer. 

5. Thermal oxidation and chemical etching in diluted hydrofluoric acid is carried out for 
removing^ upper damaged layer on the surface of exfoliated silicon film injhe SOI structure. 

Example 5. 

1 . H* ion implantation is carried out in silicon wafer with ion energy 200 keV and dose 
1.5xl0 17 cm" 2 through thin 50 nm Si0 2 layer, which prevents the surface contamination and 
foll o wuin i tl hen is removed. 

2. Silicon wafer with grown thermal oxide SiO, with the thickness 410 nm is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
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hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
thebx RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H + ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 1 0< Pa and heated to the temperature 3 SOX, dried and 
cleaned from the physically adsorbed substances during 0.1 hour, then joined together, spliced 
and exfoliated along the implanted layer at the same conditions during 5 hours. In the result 
spontaneous exfoliation occurs and the final SOI structure appears with 1 .8 urn Si / 0.41 urn S i0 2 
/ Si substtate. The investigation of the surface for produced SOI structure demonstrates the 
absence of microblisters and micropipes with dimensions larger than 0.25 mm on the surface of 
thg SOI wafer. 

5. Thermal oxidation and chemical etching in diluted hydrofluoric acid is carried out for 
removing of upper damaged layer on the surface of exfoliated silicon filming SOI structure. 

Example 6. 

1 . H 2 * ion implantation is carried out in silicon wafer with ion energy 140 keV and dose 
6x10" cm* through thin 50 nm SiO, layer, which prevents the surface contamination and 
f o ll o wing it theq is removed. 

2. Silicon wafer with grown thermal oxide SiO, with the thickness 280 nm is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
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cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment m 
tbeby RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H 2 + ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10* Pa and heated to the temperature 80°C, dried and 
cleaned from the physically adsorbed substances during 1 hour, then joined together and heated 
to 300°C, spliced and exfoliated along the implanted layer at the same conditions during 25 
hours. In the result spontaneous exfoliation occurs, and the final SOI structure appears with 0.6 
um Si / 0.28 um Si0 2 7 Si substrate. The investigation of the surface for produced SOI structure 
demonstrates the absence of microblisters and micropipes with dimensions larger than 0.25 um 
on the surface of Jhg SOI wafer. 

5. Thermal treatment of SOI structure at the temperature 1 100°C during 1 hour is earned 
out for removing ^ the rest defects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is carried out for removing of upper 
rough layer on the surface of exfoliated silicon film injfcg SOI structure. 

Example 7. 

1. H* ion implantation is carried out in silicon wafer with ion energy 20 keV and dose 
4x1 0" cm 1 through thin 5 nm Si0 2 layer, which prevents the surface contamination and 
foll o wiug -T tt heo is removed. 

-18- 



PAGE 43/49 * RCVD AT 10/24/2006 5: 1 1 :59 PM (Eastern Daylight TimeJ * SVR:USPTO-EFXRF-2/19 * DN!S:2738300 * CSID:2122468959 * DURATION (mm^s): 1 2-24 



10/24/2006 17:23 FAX 2122468359 LAD AS S PARRY LLP MY 0044/043 



2. Silicon wafer with grown thermal oxide Si0 2 with the thickness 3.0 um is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophibsation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
theh* RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. IT ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 1 0* Pa and heated to the temperature 350°C, dried and 
cleaned from the physically adsorbed substances during 0.1 hour, then joined together, spliced 
and exfoliated along the implanted layer at the same conditions during 10 hours. In the result 
spontaneous exfoliation occurs, and the final SOI structure appears with 0.2 urn Si / 3.0 urn SiO, 
/ Si substrate. The investigation of the surface for produced SOI structure demonstrates the 
absence of microblisters and micropipes with dimensions larger than 0.25 am on the surface of 
flie SOI wafer. 

5. Thermal treatment of SOI structure at the temperature 900°C during 1 hour is carried 
out for removing o f t he mhd efects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is carried out for removing of upper 
rough layer on the surface of exfoliated silicon film in the SOI structure. 

Example 8. 
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1 . H 2 + ion implantation is carried out in silicon wafer with ion energy 140 keV and dose 
3.5x1 0" cm' 2 through thin 50 nm SiQ 2 layer, which prevents the surface contamination and 
following itt^gn is removed. 

2. Glass (type LK-5 or Pyrex) wafer with the thickness 500 nm after CMP is used as a 
substrate, 

3. Chemical treatment of implanted silicon wafer and substrate is earned out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
thefcy RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H, ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10* Pa and heated to the temperature 3 00°C, dried and 
cleaned from the physically adsorbed substances during 0.1 hour, then joined together, spliced 
and exfoliated along the implanted layer at the same conditions during 30 hours, fa the result 
spontaneous exfoliation occurs, and the final SOI structure appears with 0.6 urn Si / 500 urn SiO ? 
glass substrate. The investigation of the surface for produced SOI structure demonstrates the 
absence of microblisters and micropipes with dimensions larger than 0.25 nm on the surface of 
silicon-on-glass (SOG) wafer. 

5. Thermal treatment of SOG structure at the temperature 650°C during 10 hours is 
carried out for removing-o f t he ie*t defects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is carried out for removing^ upper 
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rough layer on the surface of exfoliated silicon film in &g SOG structure. 
Example 9. 

1. fV ion implantation is carried out in silicon wafer with ion energy 140 keV and dose 
3.5x10" cm" 1 through thin 50 nm Si0 2 layer, which prevents the surface contamination and 
f b llowum -i t dt en is removed. 

2. Glass (type LK-5 or Pyrex) wafer with the thickness 500 um after CMP is used as a 
substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplamed substrate, using treatment in 
ftetw RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H 2 + ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10 3 Pa and heated to the temperature 350°C, dried and 
cleaned from the physically adsorbed substances during 0,1 hour, then joined together with 
applying the electric field them (negative electrode is placed at the glass), spliced and exfoliated 
along the implanted layer at the same conditions during 30 hours. In the result spontaneous 
exfoliation occurs, and the final structure appears with 0.6 urn Si / 500 urn SiO, glass substrate. 
The investigation of the. surface for produced structure demonstrates the absence of microblisters 
and micropipes with dimensions larger than 0.25 urn on the surface of silicon-on-glass (SOG) 
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wafer. 

5. Thermal treatment of SOG structure at the temperature 650»C during 10 hours is 
carried out for removing o f t he. i cat defects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is carried out for removing^ upper 
rough layer on the surface of exfoliated silicon film in |he SOG structure. 

Example 10. 

1 . H 2 + ion implantation is carried out in silicon wafer with ion energy 40 keV and dose 
2.5x10'* cm* through thin 5 nm Si0 2 layer, which prevents the surface contamination and 
fo li o wiinri t t hen is removed. 

2. Quartz wafer with the thickness 500 urn after CMP is used as a substrate. 

3. Chemical treatment of implanted silicon wafer and substrate is carried out including 
cleaning with deionized water stream douche or ultrasonic deionized water stream and 
hydrophilisation of surfaces of implanted wafer and unimplanted substrate, using treatment in 
thehy RCA and ammonia-peroxide solutions with following cleaning by water stream douche or 
ultrasonic deionized water stream. 

4. H 3 + ion implanted silicon wafer and silicon wafer with grown thermal oxide are placed 
in low vacuum chamber with pressure 10* Pa and heated to the temperature 300°C, dried and 
cleaned from the physically adsorbed substances during 0.1 hour, then joined together, spliced at 
the same conditions during 30 hours and cooled to room temperature. During cooling 
spontaneous exfoliation occurs, and the final structure appears with 0.6 um Si / 500 urn quartz 
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substrate. The investigation of the surface for produced structure demonstrates the absence of 
microblisters and micropipes with dimensions larger than 0.25 um on the surface of 
silicon-on-quartz (SOQ) wafer. 

5. Thermal treatment of SOQ structure at the temperature 650oC during 1 0 hours is 
carried out for removing of ma. neat d efects and hydrogen atoms. 

6. Touch chemical-mechanical polishing (CMP) is carried out for removing^ upper 
rough layer on the surface of exfoliated silicon film in the_SOQ structure. 

ThosTaritiste seen from the examples, the claimed method for producing 
silicoa-on-insulator structures using drying, removing of the of physically adsorbed substances 
from the surfaces of the wafers, joining the wafer and substrate, their splicing and exfoliating 
(hydrogen induced transferring along the implanted layer in the wafer) in the low vacuum 
conditions at the moderate temperatures allows in comparison with known technical solutions: 

1 . terdecrease of needed ion energy and respectively a\.uuuHhv thickness of transferred 
(exfoliated) layer; 

2. ttMlecrease of needed hydrogen ion dose and respccti^ dLucaic uf i rradiation time; 

3. tcrdecrease of roughness of SOI structure surface as well as thtrtotal radiation-thermal 
impact on the structures used for SOI producingtipn; 

4. ^decrease of defect concentration at the grain boundary Si/Si0 2 ; 

5. tc-get practically fell absence of microblisters on the SOI surface and micropipes in the 
silicon film; 
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6. to impiuve theinsasaseof quality and yield of suitable SOI wafers; and 

7. trrrcdna^^u^onMcost of SOI structures prodnecd by fee ,kiiucd mcdiud, Imui 
o nh jn -l. u ^^um^ , ,^ ^ tQ absence Qf sl . cing (exfoIiating) procedure ^ ^ 

temperatures 400-600*0 n rr H t d iu the known m t hutl f ul u^ug.u ga, f il l ul ul iu o p u i c 

formatio n and Uieimally induced Apliuiug . 

These advantages are the consequence of desorption of water and other physically 
adsorbed substances from the surfaces of joined wafers at moderate heating in low vacuum 
conditions and also the consequence of ajew orders of magnitude decreasing^ the gas quantity 
trapped at the micropores between the joined wafers that leads during further thermal treatment 
to micorbubles (microblisteis) and microcraters (mlcropipes) in a cut offsilicon layer of SOI 



structure. 



Industrial Applicability 

etetmedJM invention can be used in the fi el d o f pio ducing t he m o duli m aterials for 
microelectronics, and, particularly, sihcon-on-insulator structures (SOI) fiupiuducing of modem 
ultra large scale integrated circuits and other microelectrinc devices. 
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